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始有光伏响应，其中，具有20 nm厚ZnSe的太阳能电池的响应阈值为1300 nm（0.95 
eV），在392 nm（3.16 eV）处获得最大外量子效率达82%，而50 nm厚 ZnSe的太






















In recent years, global energy crisis and the increasing environmental pollution 
have attached more and more attentions. As one of the most abundant and universally 
available sources, solar energy provided a viable route to address these pressing issues. 
In this light, great efforts were made for the development of solar cell, and significant 
progress was achieved. Nevertheless, the practical application of such devices is 
restricted by the high cost and relatively low energy conversion efficiency. On the 
other hand, nanowire-based solar cells have been receiving enormous interest because 
of their potential advantages in light absorption and charge transport and collection. In 
particular, coaxial nanowire structure is more beneficial to collect carriers due to the 
novel mechanism of radial charge separation. Recently, a new strategy relying on 
type-II band alignment was proposed to facilitate efficient charge separation in 
core/shell nanowire solar cells. Furthermore, theoretical studies revealed that type-II 
heterojunction could reduce its effective bandgap to match the solar spectrum by 
tuning the interfacial transition, which realized its applications for solar cell. 
In this work, vertically aligned ZnO and ZnO/ZnSe core/shell nanowire arrays 
were synthesized by chemical vapor deposition (CVD) under optimized growth 
conditions. The morphologies, structures, and optical properties of as-grown ZnO and 
ZnO/ZnSe nanowire arrays were studied. Photovoltaic measurements were performed 
on the solar cell devices fabricated with the ZnO/ZnSe core/shell nanowires arrays. 
The major results are as follows:  
(1) The vertically well-aligned ZnO nanowire arrays were synthesized on AZO 
substrate using CVD method. SEM and XRD results showed that the ZnO nanowires 
were with wurtzite (WZ) structure were c-axis-oriented grown perpendicular to the 
substrate. UV-vis transmission and PL spectra suggest a good quality of their lattice 
structures. 
















thickness of the ZnSe shells was controlled by adjusting the growth temperature or 
time. Morphology and structure studies indicate the formation of a core/shell structure, 
and a transition layer of WZ ZnSe is found grown coherently and laterally on the WZ 
ZnO core. Furthermore, the lattice constants of WZ ZnSe transition layer can be 
regulated by changing the diameter of the core or the thickness of the shell. The 
transmission spectra indicate that by increasing the thickness of ZnSe shell, the 
absorption range can be extended and the infrared absorption can be enhanced for the 
ZnO/ZnSe core/shell nanowires. 
(3) Solar cells were fabricated by employing these ZnO/ZnSe core/shell 
nanowire arrays as the photoanode. The I-V characteristics curve show the better 
performance with increasing thickness of the ZnSe shell, and the sample with 50 nm 
thick shell produces a highest photoconversion efficiency of 1.19%, with an open 
circuit voltage of 0.63 V and a short circuit current of 5.78 mA/cm2. The 
photoresponse and incident-photo-to-current conversion efficiency (IPCE) results 
show that the type-II solar cell with thicker shell can extend the photoresponse 
threshold to 1350 nm (0.92 eV), a value much below the bandgap of either component, 
with a maximum IPCE value of 75% at the range of 410~430 nm (2.88~3.02 eV). 
These results indicate that we prepared ZnO/ZnSe coaxial nanowires have a high 
quality of heterogeneous interface as well as a high absorption efficiency of type-II 
interface transition. Its effective bandgap is successfully regulated to 0.92 eV or 
smaller, achieving nearly the full spectrum of light absorption. In this light, the type-II 
ZnO/ZnSe coaxial nanowire is expected to be a efficient functional material of solar 
cells. 
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异质结 价带顶所在材料 有效带隙(eV) 参考文献 
ZnO/ZnS ZnS 2.07 [38] 
ZnO/ZnSe ZnSe 1.84 [39] 
ZnO/ZnTe ZnTe 1.17 [38] 
ZnO/CdS CdS 2.17 [43] 
ZnO/CdSe CdSe 1.73 [44] 
ZnSe/ZnTe ZnTe 2.07 [45] 
CdSe/CdTe CdTe 1.16 [46] 
CdS/ZnSe ZnSe 2.05 [47] 
CdSe/ZnTe ZnTe 1.07 [48] 
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